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G R O U N D  PLANE I N T E R F E R E N C E  
E L I M I N A T I O N  B Y  PASSIVE ELEMENT 
The i n v e n t i o n  r e l a t e s  t o  a method and a p p a r a t u s  f o r  improv-  
i n g  t h e  phased  a r r a y  a n t e n n a  p a t t e r n  of m o b i l e  t e l e p h o n e s  i n  a 
s a t e l l i t e  l i n k  s y s t e m  of communicat ion by c o n t r o l  of t h e  r ad ia -  
t i o n  p a t t e r n  a t  low e l e v a t i o n  a n g l e s  ( b e l o w  2 0 ° )  of t h e  a n t e n n a  
beam h a v i n g  i t s  a x i s  a t  an e l e v a t i o n  of a b o u t  40° and more p a r -  
t i c u l a r l y  t o  r e d u c i n g  m u l t i p a t h  d i s t u r b a n c e s  and  i m p r o v i n g  t h e  
a x i a l  r a t i o  of a c i r c u l a r l y  p o l a r i z e d  a n t e n n a  a t  low e l e v a t i o n  
a n g l e s .  
F IG.  1 i s  a s i d e  view of a phased  a r r ay  a n t e n n a  10 c o m p r i s e d  
of f o u r  p a t c h  e l e m e n t s  h a v i n g  a d u a l  p o l a r i z e d ,  p h a s e  s h i f t i n g  
e l e m e n t  1 4  p o s i t i o n e d  i n  f r o n t  of i t  on a g round  p l a n e  1 2 ,  and  
F I G .  2 is a p l a n  view of t h e  p h a s e d  a r ray  and t h e  p h a s e  s h i f t i n g  
e l e m e n t  which is comprised of a s q u a r e  waveguide  s e c t i o n  as shown 
i n  F I G .  3a  o r  a r i d g e - l o a d e d  waveguide  s e c t i o n  shown i n  F I G .  3b.  
The t e c h n i q u e  takes  a p o r t i o n  of t h e  r a d i a t e d  e n e r g y  from t h e  
a n t e n n a  and p a s s e s  i t  t h r o u g h  t h e  p h a s e  s h i f t i r i g  e l e m e n t  t o  can-  
c e l  some of t h e  r a d i a t i o n  i n  t h e  d i r e c t i o n  o f  t h e  h o r i z o n .  The 
s h a p e  and l e n g t h  of t h e  waveguide  s e c t i o n  is t a i l o r e d  t o  p r o v i d e  
t h e  des i r ed  c a n c e l l a t i o n .  The r e s u l t  i s  a r a d i a t i o n  p a t t e r n  
shown by  c u r v e s  A and B i n  F I G .  4, where t h e  c u r v e  A i s  f o r  a 
s q u a r e  waveguide  s e c t i o n  and c u r v e  B is f o r  a r i d g e - l o a d e d  wave- 
g u i d e  s e c t i o n .  Compar ison  w i t h  t h e  p a t t e r n  of  t h e  a n t e n n a  wi th -  
o u t  any  phase  s h i f t i n g  element i n  f r o n t  of i t  ( c u r v e  C) shows 
t h a t  t h e  d r o p  of f  i n  t h e  r a d i a t i o n  p a t t e r n  a t  low e l e v a t i o n  an-  
g l e s ,  when m u l t i p a t h  i n t e r f e r e n c e  is  a p r o b l e m ,  c a n  be improved  
by up t o  1 0 d B  u s i n g  t h i s  t e c h n i q u e .  
The n o v e l t y  o f  t he  i n v e n t i o n  r e s i d e s  i n  t h e  s i m p l i c i t y  o f  
t h e  t e c h n i q u e  f o r  r e d u c i n g  m u l t i p a t h ,  and i m p r o v i n g  t h e  a x i a l  
r a t i o  of a c i r c u l a r l y  p o l a r i z e d  a n t e n n a ,  namely  u s i n g  a p a s s i v e  
p h a s e  s h i f t i n g  e l e m e n t  p l a c e d  d i r e c t l y  below t h e  a n t e n n a  beam 
a x i s .  
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G R O U N D  P L A N E  INTERFERENCE 
E L I M I N A T I O N  BY P A S S I V E  ELEMENT 
O R I G I N  OF I N V E N T I O N  
The i n v e n t i o n  d e s c r i b e d  h e r e i n  was made i n  
t h e  p e r f o r m a n c e  of work u n d e r  a N A S A  c o n t r a c t ,  and  i s  
s u b j e c t  t o  t h e  p r o v i s i o n s  of P u b l i c  L a w  96-517 ( 3 5  
USC 2 0 2 )  i n  which  t h e  C o n t r a c t o r  has e l e c t e d  n o t  t o  
r e t a i n  t i t l e .  
B A C K G R O U N D  OF THE I N V E N T I O N  
The i n v e n t i o n  r e l a t e s  t o  a method and appa -  
r a t u s  f o r  c o n t r o l l i n g  t h e  r a d i a t i o n  f i e l d  i n t e n s i t y  
a t  low e l e v a t i o n  a n g l e s  f o r  a p h a s e d  a r ray  a n t e n n a ,  
s u c h  as f o r  mobile t e l e p h o n e s  i n  a s a t e l l i t e  l i n k  
sys tem of  communica t ion ,  b y  c o n t r o l  of t h e  r a d i a t i o n  
p a t t e r n  n e a r  t h e  h o r i z o n  of a phased  array a n t e n n a ,  
and more p a r t i c u l a r l y  f o r  e l i m i n a t i n g  i n t e r f e r e n c e  by 
r e f l e c t e d  r a d i a t i o n  from t h e  s u r r o u n d i n g  t e r r a i n .  
A m o b i l e  t e l e p h o n e  s y s t e m  may u t i l i z e  a geo- 
s t a t i o n a r y  s a t e l l i t e  as a l i n k  be tween  two p o i n t s  o n  
e a r t h  t h a t  a r e  t o o  f a r  a p a r t  f o r  d i r e c t  communica- 
t i o n ,  o r  o u t  of r a n g e  of o t h e r  s y s t e m s  now i n  p l a c e  
on ea r th .  A s a t e l l i t e  c a n  r e l a y  l a rge  numbers  of  
t e l e p h o n e  communica t ion  s i g n a l s  be tween  mobile u n i t s  
l o c a t e d  w i t h i n  a wide a r e a ,  such  a s  t h e  c o n t i n e n t a l  
U n i t e d  S t a t e s ,  u s i n g  o n l y  a moderate bandwid th  f o r  
communica t ion .  
A t  t h e  m o b i l e  u n i t  on t h e  e a r t h ,  a p h a s e d  
a r r a y  a n t e n n a  i s  mounted on  t o p  of  a v e h i c l e  w i t h  t h e  
a n t e n n a  t i l t e d  t o  produce  a beam a x i s  a t  an optimum 
e l e v a t i o n  a n g l e ,  t y p i c a l l y  - 4 O O  f o r  t h e  c e n t r a l  p a r t  
of t h e  U n i t e d  S t a t e s .  The a n t e n n a  a r r ay  is  r o t a t e d  
t o  t h e  optimum a z i m u t h  a n g l e ,  e i t h e r  by r o t a t i o n  on  
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t h e  v e h i c l e ,  o r  by r e o r i e n t a t i o n  of t h e  v e h i c l e  o n  
t h e  g round .  I n  e i t h e r  case,  r e f l e c t i o n s  from t h e  
s u r r o u n d i n g  t e r r a i n  p roduce  m u l t i p a t h  d i s t u r b a n c e s .  
An o b j e c t  o f  t h i s  i n v e n t i o n  i s  t o  c o n t r o l  t h e  radia-  
5 t i o n  i n t e n s i t y  i n  t h e  d i r e c t i o n  o f  t h e  r e f l e c t e d  
r a d i a t i o n ,  t h e r e b y  t o  r e d u c e  m u l t i p a t h  d i s t u r b a n c e  
o r  i n t e r f e r e n c e  w i t h  t h e  optimum a n t e n n a  r a d i a t i o n  
p a t t e r n  of  t h e  m o b i l e  u n i t .  
Methods employed f o r  c o n t r o l  o f  the  r a d i a t i o n  
10  p a t t e r n  n e a r  t h e  ground h a v e  i n v o l v e d  u s i n g  i n d u c -  
t i v e  g r a t i n g s  or a b s o r b e r s .  However,  l i m i t a t i o n s  i n  
ma te r i a l s ,  s i z e  r e s t r i c t i o n s ,  a n d  o t h e r  t e c h n i c a l  
o b j e c t i o n s  r e q u i r e  a new a p p r o a c h  t o  e l i m i n a t e  m u l t i -  
p a t h  d i s t u r b a n c e s ,  and  t o  m a i n t a i n  good c i r c u l a r l y  
15 p o l a r i z e d  a x i a l  r a t i o s  a t  low e l e v a t i o n  a n g l e s .  I n  
t he  p a s t ,  a c h i e v i n g  good c i r c u l a r l y  p o l a r i z e d  beams 
a t  low e l e v a t i o n  a n g l e s  has been  e x t r e m e l y  d i f f i c u l t .  
S U M M A R Y  OF THE I N V E N T I O N  
I n  accordance w i t n  t h i s  i n v e n t i o n ,  a d u a l  
p o l a r i z e d  and p a s s i v e  p h a s e  s h i f t i n g  e l e m e n t  is p o s i -  
t i o n e d  i n  f r o n t  of an a n t e n n a  m r a y  t o  c a u s e  r e d u c -  
t i o n  of t h e  a n t e n n a  r a d i a t i o n  p a t t e r n  i n  t h e  
d i r e c t i o n  o f  t h e  h o r i z o n  where m u l t i p a t h  r a d i a t i o n  
c r e a t e s  a d i s t u r b a n c e .  The p h a s e  s h i f t i n g  e l e m e n t  i s  
25 p o s i t i o n e d  t o  i n t e r c e p t  and  r e r a d i a t e  a s u b s t a n t i a l  
p o r t i o n  of t h e  g r o u n d  r e f l e c t e d  e n e r g y .  The parame- 
t e r s  of  t h e  p h a s e  s h i f t i n g  e l e m e n t  are  s e l e c t e d  t o  
p r o v i d e  t h e  des i r ed  c a n c e l l a t i o n .  T h i s  p h a s e  s h i f t -  
i n g  e l e m e n t  n o t  o n l y  r e d u c e s  m u l t i p a t h  d i s t u r b a n c e s ,  
30 b u t  a l s o  i m p r o v e s  t h e  a x i a l  r a t i o  of a c i r c u l a r l y  
p o l a r i z e d  a n t e n n a .  
A p r e f e r r e d  phase  s h i f t i n g  e l e m e n t  i s  a wave- 
g u i d e  s e c t i o n  t h e  a x i a l  r a t i o  a / b  of which is se- 
l e c t e d  t o  be h / 2  a n d  t h e  l e n g t h  o f  which i s  s e l e c t e d  
20 
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t o  o p t i m i z e  t h e  p a t t e r n  f a l l o f f  below - 2 O O  i n  e l e v a -  
t i o n  w h i l e  n o t  d r a s t i c a l l y  e f f e c t i n g  t h e  g a i n  a t  a n d  
above  -20' i n  e l e v a t i o n .  The d i f f e r e n c e  i n  phase  
v e l o c i t y  of  wave p r o p a g a t i o n  t h r o u g h  t h e  wavegu ide  
5 w i l l  s o  s h i f t  t h e  p h a s e  of r e r a d i a t e d  e n e r g y  r e l a t i v e  
t o  t h e  wave p r o p a g a t i o n  a r o u n d  t h e  wavegu ide  t h a t  a t  
t h e  f a r  end ( e x i t )  of  t h e  wavegu ide  t h e  p r o p a g a t e d  
waves combine o u t  of  p h a s e ,  t h u s  r e d u c i n g  t h e  power 
o f  t h e  r a d i a t i o n  p a t t e r n  a t  low e l e v a t i o n  a n g l e s  i n  
10 t h e  d i r e c t i o n  of  t h e  h o r i z o n .  I n  p a r t i c u l a r ,  f o r  a 
m o b i l e  t e l e p h o n e  a n t e n n a  h a v i n g  i t s  beam a x i s  a t  -40° 
e l e v a t i o n ,  a r e q u i r e m e n t  f o r  a n t e n n a  p a t t e r n  f a l l o f f  
f o r  r a d i a t i o n  be low - 2 O O  i n  e l e v a t i o n  is s a t i s f i e d  by 
a s i n g l e  s e c t i o n  of  waveguide p l aced  w i t h i n  t h e  n e a r  
15 f i e l d  o f  t h e  a n t e n n a .  T h i s  a l s o  p r o v i d e s  a n  improve-  
ment i n  a x i a l  r a t i o  of a c i r c u l a r l y  p o l a r i z e d  beam, 
i . e . ,  improvement  i n  c i r c u l a r i t y  of t h e  beam, a t  low 
e l e v a t i o n  a n g l e s .  
B R I E F  D E S C R I P T I O N  OF THE D R A W I N G S  
FIG, 1 i s  a s i d e - v i e w  of  a 1 x 4 p h a s e d  array 
a n t e n n a  and  a p h a s e  s h i f t i n g  e l e m e n t  on a g r o u n d  
p l a n e .  
- .  
20 
FIG, 2 i s  a p l a n  view of t h e  p h a s e d  a r r a y  
a n t e n n a  and  a d u a l  p o l a r i z e d  p h a s e  s h i f t i n g  e l e m e n t .  
25 FIG. 3a i s  a n  i s o m e t r i c  v iew of one  embodi-  
ment of  t h e  p h a s e  s h i f t i n g  e l e m e n t  comprised of a 
s q u a r e  wavegu ide  s e c t i o n ,  and  FIG. 3b is an  i somet r i c  
view of a s e c o n d  embodiment o f  t h e  p h a s e  s h i f t i n g  
e l e m e n t  c o m p r i s e d  of  a r i d g e  wavegu ide  s e c t i o n .  
30 FIG. 4 is  a g raph  of the  p h a s e  a r r ay  a n t e n n a  
p a t t e r n  f o r  t h e  c o n d i t i o n s  of ( A )  a s q u a r e  wavegu ide  
s e c t i o n ,  ( B )  a r i d g e  waveguide  s e c t i o n ,  a n d  ( C )  no 
wavegu ide  s e c t i o n  on t h e  g round  p l a n e  i n  f r o n t  o f  t h e  
a r r a y  a n t e n n a .  
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D E S C R I P T I O N  OF PREFERRED EMBODIMENTS 
A g e o s t a t i o n a r y  s a t e l l i t e  communica t ion  s y s -  
tem u t i l i z e s  a s a t e l l i t e  t r a n s c e i v e r  t o  r e c e i v e  and  
r e t r a n s m i t  microwave communica t ion  s i g n a l s  f rom a n d  
t o  any  s e l ec t ed  l o c a t i o n  on  E a r t h  w i t h i n  a p rede te r -  
mined a r e a ,  s u c h  as t h e  c o n t i n e n t a l  U n i t e d  S t a t e s .  
The s a t e l l i t e  i s  d e s i g n e d  t o  s e l e c t i v e l y  t r a n s m i t  and  
r e c e i v e  n a r r o w  beams of  a 3dB beam w i d t h  of  a b o u t  
0 . 4 4  degrees ,  as d e s c r i b e d  i n  U n i t e d  S t a t e s  P a t e n t  
4 , 5 0 3 , 4 3 6 ,  s o  t h a t  each  beam c o v e r s  a segmen t  o f  t h e  
c o n t i n e n t a l  U n i t e d  S t a t e s  a few hundred  miles i n  
diameter .  T h i s  a l l o w s  t h e  same f r e q u e n c y  band (nomi-  
n a l l y  850 MHz) t o  b e  u t i l i z e d  i n  a l a r g e  number of 
d i f f e r e n t  s e c t i o n s  o f  t h e  U n i t e d  S ta tes .  T h i s  m i n i -  
m i z e s  t h e  f r e q u e n c y  band r e q u i r e d  t o  p r o v i d e  t h e  
r e q u i r e d  communica t ions  c a p a c i t y  o v e r  t h e  e n t i r e  
U n i t e d  S t a t e s .  
What i s  i m p o r t a n t  t o  t h i s  i n v e n t i o n  is t h a t  
t h e  e l e v a t i o n  a n g l e  of t h e  c o m m u n i c a t i o n s  s a t e l l i t e  
may be as  g r e a t  as -6OO i n  t h e  s o u t h e r n  U n i t e d  S t a t e s  
a n d  as  small as - 2 O O  i n  t h e  n o r t h e r n  U n i t e d  S t a t e s .  
T h i s  is b e c a u s e  t h e  s a t e l l i t e  is s t a t i o n a r y  o v e r  t h e  
e q u a t o r .  Assuming a n  e l e v a t i o n  a n g l e  o f  40° o f  the 
beam a x i s  f rom a m o b i l e  r e c e i v i n g  a n t e n n a  10 t o  t h e  
s a t e l l i t e ,  as  shown i n  F I G .  1 ,  i t  c a n  be  r e a d i l y  
a p p r e c i a t e d  t h a t  a 1x4  a r r a y  of a n t e n n a  p a t c h  e le -  
m e n t s ,  t i l t e d  50"  f r o m  the h o r i z o n t a l  t o  have  a beam 
a x i s  o p t i m a l l y  a t  a n  e l e v a t i o n  a n g l e  o f  4 0 ° ,  w i l l  
h ave  i n t e r f e r e n c e  due t o  r a d i a t i o n  r e f l e c t e d  f r o m  
t h e  g round  i n  t h e  d i r e c t i o n  of t h e  h o r i z o n  which w i l l  
i n t e r f e r e  w i t h  t h e  d i r e c t  r a d i a t i o n  be tween  t h e  
g round  u n i t  and  t h e  s a t e l l i t e .  The g r o u n d  which 
r e f l e c t s  e n e r g y ,  and  t h u s  c r e a t e s  m u l t i p a t h  d i s t u r -  
b a n c e s ,  i s  t h e  t e r r a i n  s u r r o u n d i n g  a g r o u n d  p l a n e  12.  
- -  
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I n  p r a c t i c e ,  t h a t  ground p l a n e  w i l l  b e  t h e  t o p  of t h e  
v e h i c l e  o n  which t h e  mobi le  r e c e i v e r  a n t e n n a  i s  
mounted ,  b u t  i n  o t h e r  a p p l i c a t i o n s  t he re  may b e  no  
g round  p l a n e  a s u c h .  
A m u l t i p a t h  a n t e n n a  r e s p o n s e  w i l l  s u f f e r  
f rom d i s t u r b a n c e s  i n  t h e  r e c e i v e d  s i g n a l ,  and  t h e  
d i s t u r b a n c e s  may p r o d u c e  i n t o l e r a b l e  d i s t o r t i o n s ,  
p a r t i c u l a r l y  f o r  weak s i g n a l s .  To e l i m i n a t e  t h e  
m u l t i p a t h  d i s t u r b a n c e s ,  a p a s s i v e ,  d u a l  p o l a r i z e d ,  
p h a s e  s h i f t i n g  e l e m e n t  14 is  p l a c e d  o n  t h e  g r o u n d  
p l a n e  12 w i t h i n  the  n e a r  f i e l d  i n  f r o n t  o f  t h e  
a n t e n n a  a r r ay .  Th i s  e l e m e n t  t a k e s  a p o r t i o n  of t h e  
r a d i a t i o n  r e f l e c t e d  by t h e  s u r r o u n d i n g  t e r r a i n ,  a n d  
s h i f t s  i t s  p h a s e  a b o u t  180° s o  t h a t  upon e m e r g i n g  
from t h e  phase s h i f t i n g  e l e m e n t ,  t h e  r e f l e c t e d  radia-  
t i o n  combines w i t h  r e f l e c t e d  r a d i a t i o n  p a s s i n g  a r o u n d  
and o v e r  t h e  e l e m e n t  t o  s o  c a n c e l  some of t h e  re- 
f l e c t e d  r a d i a t i o n  as  t o  r e d u c e  t h e  a n t e n n a  power a t  
e l e v a t i o n s  of l e s s  t h a n  2 0 ° .  
The t e c h n i q u e  has b e e n  s u c c e s s f u l l y  t e s t e d  
u s i n g  t h e  1x4 p a t c h  a r r ay  a n t e n n a  shown s c h e m a t i c a l l y  
i n  F I G .  2 w i t h  a p a s s i v e  phase s h i f t i n g  e l e m e n t  14 as  
i l l u s t r a t e d  i n  b o t h  FIGs. 3a and  3b. The e l e m e n t  of 
FIG, 3a i s  a s q u a r e  waveguide s e c t i o n  d e s i g n e d  f o r  a 
f r e q u e n c y  of 850 MHz. The e l e m e n t  of FIG.  3b i s  a 
r i d g e  wavegu ide  s e c t i o n  a l s o  d e s i g n e d  f o r  a - f r e q u e n c y  
of 850 MHz. The r a d i a t i o n  p a t t e r n s  f o r  t h e  a n t e n n a  
a r r ay  w i t h  t h e  p h a s e  s h i f t i n g  e l e m e n t s  of F I G s .  3a 
a n d  3b a r e  shown i n  FIG. 4 by the  r e c t a n g u l a r  coord i -  
n a t e  c u r v e s  A and  B of power v e r s u s  e l e v a t i o n  a n g l e  
f o r  c o m p a r i s o n  w i t h  a c u r v e  C o b t a i n e d  from t h e  a r r a y  
o p e r a t i n g  w i t h  no p h a s e  s h i f t i n g  e l e m e n t  i n  f r o n t  of 
i t .  
A s  can  b e  s e e n  from t h e  d a t a  i n  t h e  g r a p h  of 
FIG. 4, t h e r e  is a d e c r e a s e  i n  a n t e n n a  pcwer  S e l w  
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20°  i n  e l e v a t i o n ,  and  t h e  decrease i s  g r e a t e r  f o r  t h e  
square waveguide  s e c t i o n  ( g r a p h  A )  t h a n  f o r  t h e  r i d g e  
waveguide s e c t i o n  ( g r a p h  B ) .  T h i s  shows t h e  d r o p  o f f  
i n  r a d i a t i o n  p a t t e r n  below 20°  e l e v a t i o n  can  be i m -  
p roved  o v e r  t h a t  w i t h  no wavegu ide  s e c t i o n  ( g r a p h  C )  
by up t o  1OdB. 
The e f f e c t  of  t h e  waveguide  s e c t i o n  was a l s o  
found  t o  improve  t h e  a x i a l  r a t i o  of  t h e  a n t e n n a  p a t -  
t e r n ,  i . e . ,  t o  improve t h e  c i r c u l a r  p o l a r i z a t i o n  o f  
t h e  a n t e n n a  beam a t  low e l e v a t i o n  a n g l e s  by a t t e n u a -  
t i o n  of  some of the v e r t i c a l l y  p o l a r i z e d  e n e r g y .  
E x c e l l e n t  a x i a l  r a t i o s  have  been  o b t a i n e d  f o r  c i r c u -  
l a r  p o l a r i z e d  beams down t o  and below t h e  l e v e l  of 
t h e  ground p l a n e  12. Pr ior  t o  t h i s  deve lopment  good 
c i r c u l a r i t y  was e x t r e m e l y  d i f f i c u l t  t o  a c h i e v e  a t  low 
e l e v a t i o n  a n g l e s .  
The d i m e n s i o n s  o f  the waveguide  s e c t i o n s  i n  
F I G s .  3a and 3b a r e  c l o s e l y  r e l a t e d  t o  t h e  w a v e l e n g t h  
f o r  t h e  o p e r a t i n g  f r e q u e n c y ,  n o m i n a l l y  850 MHz i n  
t h i s  example ,  b u t  t h e  a c t u a l  f r e q u e n c y  may be be tween  
821 and 876 MHz. With a w a v e l e n g t h  f o r  t h e  f r e q u e n c y  
o f  850 MHz, t h e  h e i g h t  and w i d t h  d i m e n s i o n s  g i v e n  f o r  
t h e  s h a p e s  shown i n  FIGs. 3a and 3b w i l l  p r o v i d e  good 
r e s u l t s  f o r  t h e  r a n g e  of 821 t o  876 MHz. The l e n g t h  
o f  t he  waveguide  s e c t i o n  was empi r i ca l ly  s e l e c t e d  t o  
p r o v i d e  a b o u t  180° phase s h i f t  a t  t h e  nomina l  o p e r a t -  
i n g  f r e q u e n c y  of 850 MHz. T h a t  l e n g t h  was f o u n d  t o  
be a b o u t  e i g h t  i n c h e s .  While  i t  would be p o s s i b l e  t o  
compute t h e o r e t i c a l l y  t h e  l e n g t h  r e q u i r e d ,  i t  was 
found  t o  b e  more p r a c t i c a l  t o  do s o  e m p i r i c a l l y ,  
u s i n g  i n e x p e n s i v e  m a t e r i a l  t h a t  i s  e a s y  t o  work w i t h ,  
l i k e  aluminum. T h i s  e m p i r i c a l  a p p r o a c h  a v o i d s  t h e  
n e c e s s i t y  of d e t e r m i n i n g  t h e  i n p u t  and o u t p u t  cou-  
p l i n g  impedances  i n  order  t o  compute t h e  l e n g t h  theo- 
.- 
35 retically. Also other  s h a p e s  o r  t y p e s  ol" phase 
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s h i f t i n g  e l e m e n t s  may be e m p i r i c a l l y  s e l e c t e d ;  a l l  
t h a t  is  r e a l l y  i m p o r t a n t  i s  t h a t  i t s  p h a s e  s h i f t  
p roduced  by t h e  element be s u f f i c i e n t  t o  p r o v i d e  a 
r e d u c t i o n  i n  g a i n  below a b o u t  20° i n  e l e v a t i o n  w i t h -  
o u t  a f f e c t i n g  t h e  a n t e n n a  power a t  h i g h e r  e l e v a t i o n  
a n g l e s .  
FIG. 4 shows t h a t ,  f o r  a s q u a r e  waveguide  
s e c t i o n  ( c u r v e  A ) ,  t h e  a n t e n n a  g a i n  i s  a f f e c t e d  a t  
h i g h e r  e l e v a t i o n  a n g l e s ,  as e v i d e n c e d  by t h e  d i p  i n  
t h e  g r a p h  A be tween 4 8 O  and 7 2 O .  However, i t  was 
f o u n d  t h a t  t h i s  d i p  may be e l i m i n a t e d  by  a d j u s t i n g  
t h e  a c t u a l  d i s t a n c e  of t h e  w a v e g u i d e  s e c t i o n  from t h e  
a n t e n n a  t o  an  optimum p o s i t i o n  d e t e r m i n e d  e m p i r i c a l -  
l y .  I t  is  p o s s i b l e  t h a t  an a d j u s t m e n t  i n  l e n g t h  of 
t h e  s q u a r e  waveguide  s e c t i o n ,  i n s t e a d  o f ,  o r  i n  a d d i -  
t i o n  t o ,  an a d j u s t m e n t  of i t s  p o s i t i o n ,  w i l l  e l imi- 
n a t e  t h i s  d i p  i n  power a t  h i g h  e l e v a t i o n  a n g l e s .  
A l though  p a r t i c u l a r  embodiments  of t h e  i n v e n -  
t i o n  have been d e s c r i b e d  and  i l l u s t r a t e d  h e r e i n ,  i t  
i s  r e c o g n i z e d  t h a t  m o d i f i c a t i o n s  and v a r i a t i o n s  may 
r e a d i l y  o c c u r  t o  t h o s e  s k i l l e d  i n  t h e  a r t .  For  exam- 
p l e ,  i n  some a p p l i c a t i o n s  the p a s s i v e  p h a s e  s h i f t i n g  
e l e m e n t  may be p o s i t i o n e d  i n  f r o n t  of  t h e  a n t e n n a  
w i t h o u t  t h e  use o f  a ground p l a n e  t o  s u p p o r t  i t ,  s u c h  
as by u s e  of a d i e l e c t r i c  s u p p o r t .  A l s o ,  any c h a n g e  
i n  t h e  e n v i r o n m e n t  may have  some a f f e c t  i n  t h e  re- 
s u l t i n g  a n t e n n a  r a d i a t i o n  p a t t e r n  which  may r e q u i r e  
m o d i f i c a t i o n  of t h e  phase  s h i f t i n g  e l e m e n t  a n d / o r  t h e  
p o s i t i o n  of t h e  p h a s e  s h i f t i n g  e l e m e n t  f o r  t h e  de- 
s i r e d  c o n t r o l  of r a d i a t i o n  a t  low e l e v a t i o n  a n g l e s  
below - 2 O O .  C o n s e q u e n t l y ,  i t  is i n t e n d e d  t h a t  t h e  
claims b e  i n t e r p r e t e d  t o  c o v e r  s u c h  m o d i f i c a t i o n s  and  
v a r i a t i o n s .  
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G R O U N D  P L A N E  I N T E R F E R E N C E  
E L I M I N A T I O N  BY PASSIVE ELEMENT 
ABSTRACT OF THE D I S C L O S U R E  
The r a d i a t i o n  p a t t e r n  of a beam a t  e l e v a t i o n  
a n g l e s  n e a r  t h e  h o r i z o n  i s  improved  f o r  phased a r ray  
a n t e n n a s  by c o n t r o l  of t h e  r a d i a t i o n  f i e l d  i n t e n s i t y  
n e a r  t h e  h o r i z o n  t o  r e d u c e  m u l t i p a t h  d i s t u r b a n c e s ,  
5 and t o  improve  t h e  a x i a l  r a t i o  of a c i r c u l a r l y  p o l a r -  
i z e d  phased  a r r a y  a n t e n n a .  T h i s  i s  a c c o m p l i s h e d  by 
p l a c i n g  a p a r a s i t i c  p h a s e  s h i f t i n g  e l e m e n t  d i r e c t l y  
below t h e  a n t e n n a  beam a x i s .  The waveguide  s e c t i o n  
is  d e s i g n e d  t o  p roduce  a p h a s e  s h i f t  i n  t h e  p o r t i o n  
10 of a n t e n n a  r a d i a t i o n  e n e r g y  p a s s i n g  t h r o u g h  i t  t o  
c a n c e l  some of t h e  r a d i a t i o n  e n e r g y  i n  t h e  d i r e c t i o n  
of the h o r i z o n .  The s p a c i n g  o f  t h e  waveguide  s e c t i o n  
i n  f r o n t  of t h e  a n t e n n a  is d e t e r m i n e d  e m p i r i c a l l y  f o r  
optimum r e s u l t s ,  i . e . ,  f o r  r e d u c t i o n  of beam power 
15 below b o u t  20° w i t h o u t  a f f e c t i n g  beam power a t  h i g h  
e l e v a t i o n  a n g l e s .  
